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[ Abstract ] Objective  To generate myristoylated alanine-rich C-kinase substrate-like lc ( Marcksll) gene
knockout mice and investigate the gene function in hematopoiesis. Methods We used CRISPR/Cas9 technology to

produce Marcksl1 gene knockout mice, which was confirmed by PCR and Sanger sequencing. Germline transmission of
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Marcksl1 gene knockout mice was confirmed by crossing to wild-type mice. We also analyzed the ratio of homozygous,

heterozygous, and wild-type mice at different stages of embryonic development. We isolated mice fetal liver to examine the

effect of Marcksll deletion on the hematopoietic system using routine blood and flow cytometry method . Results PCR and

sequencing data showed that Marcksl1 knockout mice were successfully obtained. Our data further suggest that embryonic

lethality caused by Marcksll gene knockout occurs at a late period of embryonic development. Routine blood and flow

cytometry result showed that at E15.5, deletion of the Marcksll gene did not affect the number of white blood cells, red

blood cells, or platelets, but the proportion of hematopoietic stem cells in fetal liver increased significantly. Conclusions

We have successfully constructed a Marcksll knockout mouse. We further found that Marcksll deletion increased the

number of hematopoietic stem cells. Our work provides a mouse model for further study of the gene function of Marcksl1 in

embryonic development and the hematopoietic system.
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514 JF51(5'—3") P17 (bp)
Primer Sequence Amplicon
M-Marcksl1-WT-F ~ TCCAGGCCCGGTGAG 1923 bp
M-Marcksl1-WT-R  GCCTCATCTGTTCCGTTCAC
M-Marcksl1-KO-F ~ TCCAGGCCCGGTGAG 316 bp
TCTGTAGGTGGAGGTT
M-Marcksl1-KO-R TG GAFII‘AEC ¢




[ LR R AR 2Rk 2021 4F 5 A4S 31 55 5 1 Chin J Comp Med, May 2021, Vol. 31,No. 5

111

P, [ 2 58 S A Micro-CT 43 4 4% (Inveon,
Siemens , Berlin , £ [ ) XJ /)N Bl 4 5 #E47 H #9504,
CT F1M S HBE - FL T 60 KV, FRLIE: 400 A, 73
BERH 20 pm, TG HE 8 Inveon 73 H7 TAE
ShHEAT CT FUGR EE d SEH o i, 1158 e K i
(N
1.4 ZitEFHE

AR BRI A (5 LR R TR g o B, AR
PO BB R B B i 25 (& =5 ) o (T
Graphpad prism7 #AFHEATGE 7004, IF H M 4L1a]
%K A Student’ s i-tests, 24 P<0. 05 B}, | ZR/R 2
SEARENGIT R L,

2w s
Table 2 The antibody combination used for flow cytometry
EyiN Zikey
Name Combination

T I T4 LSK
K03 4 LT

Lin-Scal * c-Kit*
Lin-Scal* ¢-Kit* CD34™Flt3™
JE I LT ANAE ST Lin-Scal* c-Kit* CD34* Flt3~
ZUSAEH A MPP Lin-Scal *c-Kit* CD34* Flt3*
LT AU 3 10T 408 5 ST 4 31 3 1l T 40 s MPP - Z2 ¥ REAHL AN .
Note, LT, ST, Short-term
hematopoietic stem cells. MPP, multipotent progenitor cells.

Long-term  hematopoietic  stem  cells.
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Note. A, Schematic overview of CRISPR/Cas9 system mediated Marcksl1 gene knockout in mice, targeting sitel and site2 are the sgRNA
target sites. B, Germline transmission of Marcksl1 gene knockout mice (#2). (All the F1 mice produced from founder #2 were heterozygous.
M, Marker, DL.2000. 1-6, Founder #2, and F, generation number #1-#5. Wild type brand was 1923 bp and the knockout brand was 316
bp); C. The chromatographs from sequences of truncated PCR products; D, The sequences results of truncated PCR products. The deleted
DNA fragments of Marcksl1 were shown.

Figure 1 Establishment of Marcksl1 knockout mice



112 R R/ T

2021 4F 5 4531 %55 5 Chin J Comp Med, May 2021, Vol. 31,No. 5

Ao, 2B E17.5 d 447/ BUAY o b 35 K
T E15.5 d 4i & F R L, @ilbr /R AE E15.5 d i
I 40% 1 7E E17.5 d BFHCBIR R 10% (£ 3)
XFE15.5 d F1 E17. 5 JEF A Y b4 TR Ok 5 o B
(X2 i} 28.225 P (B K 7.432x1077) , R MFETESE
PHef2a T R Marcksll FE DR B2 & A E T K& 4E
R L B fE W, BE XTI E17.5 d /N REAT
CT FHH AT, B IR Marcksll FEH G2 SEUN R
BEE SR (F 2B) /N R B K AT
BTt AT, A5 AR 0 R N RO B K S B A
FH I (K 2C)
2.3 Marcksll B RE 5250054 RR 4 i # = FA
Bk i

HI TAE o, 38 3 RNA-seq 304 20 7, & PLi%
FEPRAE /IS RO T I 40 i h R 2Rk, R AR /N
Wk B T, A I 9 0% ik DR 7 s L 40 R 1
YER BRI HT T 3 e BR I R P R B O, 3l
HAXF E15.5 d /NEUGIFFREE , & B Marcksl1 @/
SURRIFE (18 3A) LA I E AR L (18 3B) 5 87 4E
AHLICI 2257, FRFRATX E15.5 d /N4
JE A L R4 AT (TR 3C) , &5 3 o B /N B
LT AN, AN -5 /N ) L AR A L
T RS,
2.4 Marcksl1 ByFER{R 3t B& BT 2 iS I T 4R Aa g R

T WESE MarchksI1 82 %5 65 1 T 40 Jfd A 52
Wi, FRATTaE A Al AR XF E15. 5d /N REFT IR
JIF KSL 40 §fd ( Lin~/Sacl®/c-Kit" cell) /5t 04T, 4%
B IR MarcksI1 FE PR R I5 7N BRUKS FEHR 9 3 140 g

T XL (B 4A, 4B) |, HE— %0 i i 40
2 w4 5 B
A, WT KO WT
A F
ﬁ.
! o s

N
X \‘ .‘
\'\: 50 mm RIT

LAY 732 e -5 B A AR L B /) BRUAY R B 3
ML 2 9 ( Long-term hematopoietic stem cell, LT)
P (18 4C, 4D) , IXSESERR ] Marchsll B
RS 3 UE I T AN R4 I

3 itig

MARCKSL1 7£ Z R4l Rk S S E
FITE AL, 200 RS BT, 40 BfL e 7% A WA ) I A8 A=
FIG % 75 (i 45> . MARCKSLI 247 8 & 3R
FE I 20 f b e 3k, LA T B 40 A 1Y T RE
MARCKSLI1 &8 PKC B 1L , 454 WLBh 8 1 R0
MR B fr, oF 0 OUE Y OE W 40O R
MARCKSLI 3875 G5 R 50 & 4% f 2 P8 5 VEH
ALHEAE HE 2 0 20 M9 1% 32 7% LA K 40 i TR 1) 40 0
R TAEA, B AT & B MarcksI1 &R 75 35 1T 40 jE
Hhs eIk, HAE AR /N B A T 20 2 A B
Fh , $E78 MARCKSL1 AT REFE 1 1+ 40 M 5 % Hh &
PEE AR HJ2 6T MARCKSLI 753 Il &2 48 Y
R AR . A#F5E it CRISPR/ Cas9 240
£3 EI5.5d UK EIT. 5 d HAS ] 3 R R IR G 59 $0E DL R

7 BRI R L 151

Table 3 The number and percentage of different genotypes in
total E15.5 and E17.5 embryo

ngg E15.5 E17.5
wT 11(32%) 11(46%)
HET 10(28%) 11(46%)
HOM 14(40%) 2(8%)
Total 35 24

TE:WT BFAE B HET . 244 F s HOM 406 F
Note. WT, Wild type. HET, Heterozygote. HOM, Homozygous.
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TUFN Marcksl] SER R/ RUBBRIE ; SEFAAMLE, © P<0.05; ™ P<0.0L.

2 Marcksil FEERRXT/INEUK & BRI (n=5)
Note. A, The picture of E15.5 WT and Marcksl1-knockout mouse. B, The skull images of WT and Marcksl1 gene knockout mice scanned by

CT. C, The femur length of WT and Marcksl1 gene knockout mice scanned by CT. Compared with wild type, * P<0.05, * P<0.01.

Figure 2 The function of Marcksl1 gene deletion on mouse development



P R B A 2R A 2021 4E 5 A4 31 &5 58] Chin J Comp Med, May 2021, Vol. 31,No. 5 113

weight

B3
E]
= 0.6
3
Szo04
K]
=202
B
0.00 = 00
M PR gl PRRAL
wT KO wT KO
c. ¢
i E41f WBC o I RBC
ns
3 —_ 0.08 T
&y €5 006
&2 & E
&2 & 2 004
o= =
&31 gﬁ 0.02
- : 1
0.0
A bR B b4l
wT KO wT KO
% PLT 1/
ns
30-
gy
Z .?:E’ 20,
1
g3
B4 PRR4L
wT KO

A E15.5 d /NRURITESS, B: E15.5 d /NRITRIKTE L,
C: E15.5 d /)NUARJR L i LSS SR (RO L 4L, 2040,
NG ns: ST G5 HE.
B3  Marcksll FH MR/ ATF L E
MM LI BT (n=5)
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Figure 3 Analysis the liver development and blood cell

ratio in Marcksl1 gene knockout mice
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Figure 4 Effect of Marcksl1 gene knockout on hematopoietic stem cell
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